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BRIGHT LIGHT SOURCES 


By J. N. ALDINGTON, B.Sc., F.lnst.P., F.R.I.C. (Fellow) 


(Read before the Illuminating Engineering Society, on November |4th, 1944.) 


(1) Introductory 


The remarkable advances which 
have been made in recent years in the 
development of electric discharge 
lamps have tended to overshadow, at 
least as far as the published literature 
is concerned, developments of equal 
note in the field of incandescent tung- 
sen filament lamps. This is unfortu- 
nate, as the electric discharge lamp 
issupplementary to and is not likely 
to supplant the incandescent lamp. 
Nowhere is this more true than in 

to the class of lamps which 
form the subject of the present paper 
and which, because they are designed 
primarily for use with optical pro- 
jection systems, may be termed 
pright light sources. 

In the initial stages of the evolution 
ofthe electric lamp it was only to be 

that the dominating influ- 

emcee should be concern for the 
means by which the light was pro- 
duced, rather than with the form of 
the source and the relation of that 
form to the duty which the lamp was 
uired to perform. Thus among 
early lamps the carbon arc was in- 
herently a small light source of 
approximately spherical form, while 
the first tungsten filament lamp con- 
sisted of a long thin wire incandescing 
within an exhausted glass bulb. En- 
tirely different in character and in 
ical size were the first discharge 
ps, such as those due to Moore 
ad Cooper Hewitt, where light was 
emitted at low brightness from glass 
tubes several feet in length. In each 
case the means by which the light was 
produced governed the adaptability of 
the source and limited its field of use- 
Gradually, however, it was 

found possible to exercise an increas- 
ig Measure of control over the func- 
ional aspects of lamp design and 


t sacrifice of essential features 
lo relate the size, shape, and bright- 
uss of the source to the purpose for 
Which it was intended. At the pre- 
‘nt time, therefore, and to some ex- 
tent for the above reasons there is a 
lage ‘variety of lamps of both the 


incandescent filament and the electric 
discharge types which have been speci- 
fically designed as bright light sources 
and in the design of which some of 
the earlier restrictions on the shape 
and size of the source have been 
largely overcome. 


(2) Requirements for a Light Source 


Ideally a lamp should be designed 
specifically for the fulfilment of its 
required functions. While this may 
appear an obvious truism, experience 
shows that design requirements for 
the lamp itself frequently conflict 
with those of the purpose for which 
the lamp is intended. For some 
applications the characteristics con- 
sidered most essential may be debat- 
able, but certain principles have been 
established both theoretically and by 
experience which have acted in recent 
years as determining factors in the 
development of lamps for particular 
purposes. It has been shown, for 
example, that there are advantages in 
_— sources of large area and low 
brightness for general illumination 
purposes, and that the tubular fluo- 
rescent lamp fulfils these require- 
ments in an admirable manner. In a 
somewhat different category fall the 
requirements for street lighting where 
some degree of optical projection ap- 
pears necessary as economic considera- 
tions demand the illumination of large 
areas from comparatively few points. 
To this end sources of high light out- 
put and fairly high brightness such 
as the high-pressure mercury vapour 
lamp appear desirable, at least for 
many of the lanterns which were in 
use in the immediate pre-war years. 

In a third category come lamps 
designed specifically for use with opti- 
cal projection systems where, in gene- 
ral, sources of small size and the high- 
est possible brightness are required. 

The developments which have taken 
place in this field are perhaps not so 
generally well known. They include 
improvements in tungsten filament 
projectors of established design, the 
production of novel designs of higher 
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brightness, and the introduction of 
highly aw lamps employing 
groups of filaments closely associated 
together. In the field of electric dis- 
charge lamps progress has been 
equally marked, and the high bright- 
ness high-pressure mercury lamp is 
now proving of value for a variety of 
projection purposes. 


(3) Tungsten Filament Projector 
Lamps 

With the highest melting point 
(c. 3,655 deg. K) of any metal, tungsten 
has proved to be a unique material 
for producing filaments for electric 
lamps. In the smallest lamps the 
lowing wire may be no more than 
.01 mm. in diameter, while a 100- 
ampere projector lamp requires wire 
nearly 200 times this size. In all 
cases, however, the tungsten filament 
must be so constituted and construc- 
ted that it maintains its designed 
form during the life of the lamp. 
While this is a useful characteristic 
in any electric lamp it is an essential 
one in the case of a projector lamp, 
where the filament may be arranged 
in a very compact form, and where 
its various convolutions may be 
— adjacent. Progress in the 
metallurgy of tungsten has resulted 
in the production of tungsten wire of 
such stability that after it has re- 
ceived appropriate heat treatment a 
single coil 200 mm. long containing 
2 metres of wire will show negligible 


Fig. |. 


under a number of headings a 

follows:— 

(A) General Considerations and Char. 
acteristics of Tungsten Filaments 
in Vacuo and in Gas. 

(B) Lamps Employing Single Wound 
Helices. 

(C) Lamps Employing Double Wound 
Helices. 

(D) Multi-Filament Lamps. 

(E) Symmetrical Sources. 


In each case one or two typical 
examples will be selected to illustrate 
the various factors under discussion, 


(A) GENERAL CONSIDERATIONS AND 
CHARACTERISTICS OF TUNGSTEN Fna- 
MENTS IN VACUO AND IN Gas. 

The properties of straight tungsten 
wire operating in vacuo form the sub- 
ject of an exhaustive study by Jones 
and Langmuir published in the GE. 
Review, 1927, 30, 310. It was shown 
for wires of a length sufficient to 
have their characteristics unaltered by 
the cooling effects of the electrodes or 
supports that:— 

Efficiency varies as (volts) 1:87 

Current varies as (volts) 964 
for temperatures around 2,500 deg. K. 

The extent to which these conclu- 
sions may be influenced by the cooling 
effect of the surrounding gas and of 
the electrodes is indicated by the fol- 
lowing experiments. A tungsten fila- 
ment 1 mm. in diameter and 30 mm. 


GRID 





230 - volt, 





2000- watt 


horizon lamp. 











sag throughout a life of at least 200 
hours while operating at 3,000 deg. K, 
although the _ distance between 
adjacent filament supports may be as 
much as 15 to 20 mm. (See Figure 1.) 

In order to study various designs of 
high brightness tungsten filament 
projector lamps in more detail it is 
proposed to subdivide this- section 


to 





FILAMENT 


long was mounted axially within a 
tubular glass bulb 64 mm. in dia 
meter. It was carried by electrodes 
consisting of 2.5 mm. in diameter 
nickel wire. The bulb was exhausted 
and the filament and electrodes were 
degassed and processed in the known 
manner. The exhaust stem was seal 

off and the lamp after capping was 
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ed for several hours to stabilise the 

ent. A series of measurements 

of luminous output and_ filament 

brightness were then carried out, with 
the results shown in Table I. 


TABLE I. 

CHARACTERISTICS OF A STRAIGHT TUNGSTEN 
FILAMENT OPERATING IN VACUO. 
Approximate Filament Dimensions 

30 mm. xX 1 mm. 





























Centre 
Effi- | Bright- | Temper- 
Volts. | Amps. | Lumens.| ciency. ness ature 
(L/W) | Stilbs. |Deg. K. 
1.75 | 31.4 128 2.33 112 | 2310 
2.0 33.9 236 | 3.48 195 | 2430 
2.25 | 36.3 398 4.86 325 | 2560 
25 | 388 | 650 | 6.7 | 484 | 2670 








An identical lamp was then con- 
structed, but after the exhaust process 
nitrogen was introduced into the 
Bulb at a pressure of 600 mm. After 
asuitable ageing treatment the char- 
acteristics of the filament operating 
in the inert gas were determined 
exactly as above (see Table II.). 


TABLE II. 
CHARACTERISTICS OF THE SAME TUNGSTEN 
FRAMENT OPERATING IN 600 Mm. PRESSURE 
or NITROGEN 





























Centre 
Efi- | Bright- | Temper- 
Volts. | Amps. | Lumens.} ciency ness ature 
(L/W) | Stilbs. |Deg. K. 
1.75 | 34.4 76 | 1.26 65 
2.0 36.6 152 | 2.08 122 | 2330 
2.25 | 39.0 275 | 3.13 232 | 2475 
2.5 41.2 460 | 4.47 363 | 2590 
2.75 | 43.1 700 | 5.9 525 | 2690 
3.0 45.3 | 1025 | 7.54 735 | 2790 
3.25 | 47.1 | 1370 | 8.97 969 | 2885 





Not only were the values of the 
various functions altered, but their 
telationships were modified by the gas 
filling, as illustrated graphically in 
Figure 2. The values of brightness 

ven in both Tables I. and II. were 

termined at the centre of the fila- 
ment, i.e., at the position of maximum 
brightness. Due to the increased 
energy losses the efficiency and bright- 
hess of the filament for the same input 
faltage are less in the case of the gas- 
filled lamp than in the case where the 
same filament is operating in vacuo. 
presence of the gas, however, 
luces the rate at which tungsten 
evaporates from the filament, and 
tefore makes allowable a higher 
nt temperature for a given life. 
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Fig. 2. Characteristics of a straight tungsten 
filament 30 mm. X | mm. 


It was shown by Langmuir that by 
coiling the filament and so reducing 
the effective area exposed to gas con- 
vection and conduction losses the gain 
in allowable temperature can be made 
to more than offset the gas losses, and 
hence for a given life a gas-filled coiled 
filament lamp may be operated at a 
higher efficiency than would be pos- 
sible with the same filament operat- 
ing in vacuo. It will be appreciated 
that the life of the filament, which is 
governed by the rate at which evapor- 
ation occurs, is a function of its maxi- 
mum temperature, while the efficiency 
of the lamp is a function of the 
average temperature of the filament. 
It is, therefore, important in the de- 
sign of any lamp, and particularly in 
the design of a lamp having a com- 
paratively short, thick filament, such as 
a low voltage projector lamp, to in- 
vestigate the brightness distribution 
and hence the temperature gradients 
along the filament length. Typical 
data determined for the _ special 
straight wire lamps mentioned above 
are given graphically in Figure 3. 

It will be seen that the filament 
brightness and, therefore, the filament 
temperature, rises steeply from each 
electrode to a point about the centre 








of the filament. In the case of the 
vacuum lamp the peak brightness 
coincides with the mid-point between 
the electrodes, but in the case of the 
gas-filled lamp the mid-point is some- 
what below the zone of maximum 
brightness due to the effect of convec- 
tion currents. These high temperature 
convection currents along a sheath 
surrounding the filament reduce the 
energy losses from the upper regions 
of the filament as compared with the 
lower regions, and therefore the zone 
of maximum temperature is shifted 
slightly in an upward direction. 

The data given above show the 
effect of end cooling on a straight 
tungsten filament. A similar effect is 
produced, although generally to a 
less extent at each point at which a 
filament support is introduced. The 
cooling effect is produced whether the 
filament is in the form of a straight 
wire or in the form a coil. It will, 
therefore, be appreciated that the 
effect of introducing supports, which 
are essential in all but certain low- 
voltage lamps for maintaining the 
location and rigidity of the filament, 
is to increase the temperature 
gradients along the filament length 
and so to increase the maximum 
temperature of the filament operating 
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Fig. 3. Brightness distribution along 
tungsten flament, 30 mm. X | mm. 
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at some specified overall efficiency, 
We therefore reach the conclusion 
that anything which favours a redy. 
tion in the number of points at which 
it is necessary to support the filament 
is advantageous, as is also any featur 
of design which acts in the direction 
of reducing gradients in temperature 
along the filament length. It follo 
therefore, that while electrodes a 
supports must be adequate to fulfil 
their respective functions it is desi. 
able that their heat capacity should be 
kept to a minimum. Other factory 
which influence filament temperature 
gradients will be mentioned in a later 
section. 


(B) Lamps EMPLOYING SINGLE wou 
HELICES, 
(i) Lamps with straight single coiled 
filaments: 

Certain types of tungsten wire coils 
will, after a suitable heat treatment, 
develop a single crystal structure 
The conditions necessary to bring 
about this desirable result have been 
studied for many years, and improve. 
ments in the properties and behaviour 
of tungsten coils under high tempera 
ture conditions are still being effected, 
All such improvements which act in 
the direction of reducing the liability 
of filaments to distort or sag under 
gravity have an influence on the 
design of projector lamps. It will 
have been noted from the pre 
vious section that the minimum num 
ber of supports is desirable in any 
lamp, and, therefore, if the length of 
a self-supporting section of a filament 
coil can be increased by an improved 
technique this fact can be made use af 
to decrease the number of filament 
supports for a given length of wire 
As a measure of the present position, 
and in te yr to a type of tungsten 
wire which develops a single crystal 
structure and which has proved vely 
effective in a wide range of projector 
een designs, it may be shown thata 
single helix carrying 30 amperes at 
40 volts does not require any inter 
mediate support, even when oper ! 
at an efficiency of 30 L/W. W 
thinner wires a filament carrying 
3 amperes at 30 volts may be mag 
self-supporting and sufficiently Tigid 
for ordinary purposes when d 
for operation at 30 L/W. Thea 
examples are for filaments of s 
cient stability to remain substan’ 
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jn their original positions relative to 
associated optical axis through- 
out the life of the lamp. The simplest 
of projector .o. therefore con- 
of a single helix of tungsten 
mounted between rigid electrodes and 
jn general such lamps are designed 
for voltages up to 24 volts. The 
excitor lamp illustrated in Figure 4 
ijsatypical example. Data for a range 
of lamps are given in Table III. 
Lamps of this type are designed 
imarily for sound track actuation 
in film projectors, or for other pur- 
where a high-brightness spot of 
Reht is required. The average fila- 
ment brightness for these lamps is 
iven in column 8, Table III. It 
hilows for the reasons given in 
section 1, that a zone of maximum 
filamer.t temperature, and therefore of 
maximum filament brightness will 


Lah 
i 


Fig. 4. 8-volt, 32-watt exciter lamp. 


eur at the centre of the filament 
wil. For this reason it is found that 
the highest rate of evaporation of the 
lament occurs on the centre turns, 
ad it is at the mid point that fila- 
ment failure ultimately occurs. The 
current density on the centre turns 
therefore increases during life, pro- 

an increased centre brightness, 
ithough there may be an overall de- 


crease in the horizontal candle power 
and lumen output. These complex, 
but inter-related, phenomena are due 
to evaporation from the filament 
taking place in the preferential 
manner described above. The thin- 
ning of the filament in the centre 
zone and the increased temperature 
gradients resulting therefrom pro- 
duce an overall increase in filament 
resistance, thereby reducing the lamp 
wattage for a given constant voltage 
of operation. The total luminous out- 
put from the lamp will also be de- 
creased further during life by the 
deposition of tungsten from the fila- 
ment on to the bulb walls. It is appar- 
ent that the magnitude of these effects 
will be reduced as the total length of 
wire in the filament is increased. The 
higher the voltage of the lamp the less 
will be the maximum temperature of 
the filament for a given efficiency. 
Beyond a certain increase in filament 
length or lamp voltage, however, the 
addition of a filament support becomes 
necessary, and in its simplest form 
this support generally consists of a 
loop of thin molybdenum or tungsten 
wire placed centrally between the 
electrodes carrying the filament. Its 
purpose is to hold the filament coil 
rigid against sag under gravity and 
against distortion due to chance 
shocks or vibration. Besides fulfilling 
this necessary function, however, it 
has the effect of cooling the filament 
at and about the point of contact, and 
therefore increases the proportion of 
energy used in non-light producing 
processes. 

Before leaving the subject of 
straight helix lamps, there are two 
further points of general interest. 
Both are related to the temperature 
gradients which result from the cool- 
ing effect of the electrode. For certain 
purposes electric lamps require to be 
operated at a specified temperature, 
say 2360 deg. K or 2848 deg. K. Par- 
ticularly in low-voltage lamps, but to 


TABLE III. 
Exciter Lamps. 





Diameter 
(mm. ) 


Average 
Filament 
Brightness. 


L.O.L. 


Overall 
Length (mm.) 


4 Life Hours. 
(mm.) 




















44 
44 
41 or 44 
41 or 44 


100 
100 
100 
100 


1700 
1800 
1900 
2300 


























some extent in all lamps, it will have 
been —— from the foregoing 
section that considerable temperature 
variations exist along the length of 
the filament. While a lamp can there- 
fore be calibrated to colour-match an- 
other source operating at a given 
colour temperature, the energy distri- 
bution can at the best be only an ap- 
proximation to that corresponding 
with the desired temperature. 

A reduction in these temperature 
gradients would result in a more eco- 
nomical production of light as a given 
maximum temperature (correspond- 
ing with a given life) would be 
achieved at a higher average efficiency 
of the source. To enable this desirable 
result to be realised it would be neces- 
sary to provide a filament wire which 
had a gradually decreasing diameter 
towards the supports or the elec- 
trodes, the rate of change of the 
diameter being calculated to offset the 
cooling effects exactly. Such sugges- 
tions have been made, but appear un- 
likely of practical achievement. 
Another means which suggests itself, 

articularly in the case of gas-filled 
amps, would be to continuously vary 
the pitch of the filament helix between 
each support, using a closer wound 
coil near the supports than at the 
middle of the filament. In this way 
the relative energy losses in the gas 
could be made to compensate at least 
to some extent for the conduction 
losses at the supports. This latter 
suggestion may be something more 
than an interesting speculation. 


(ii.) Flat Grid Filament Lamps. 

In order of peesentng covpeetity, 
the next type of lamp to be considered 
is the flat grid projector, in which a 
single coil of wire is bent into a mono- 
planar grid. This is illustrated in 
Figure 5. 

An interesting feature in the de- 
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sign of this class of lamp is the meth 
used to support the filament. In orde 
to reduce thermal losses the filament 
coil is produced with a number ¢ 
equidistant spaces about. which the 


Front view. Side view. 


Fig. 5. Monoplanar grid class Al pro 
jector lamp, 110-volt, 1000-watt. 


filament is bent and supported. Th 
molybdenum supporting: loops there 
fore engage only the filament wire it 
self and not the coiled portion. Data 
for a range of these Al projector lamps 
is given below, together with average 
brightness values for typical designs 
(See Table IV.) 

The values of brightness given i 
columns 7 and 8 are conside 
lower than those quoted for th 














TABLE IV. 
Al Frat Grip Prosecror Lamp. 
svenge ae 
Diameter |Overall Length L.0.L. ghtnes. 

Volts, Watts. (mm.) (mm.) (mm.) Life, Hours. wile, | 
100 100 25 125 75 100 - 300 175 
1l 5 200 32 125 75 100 500 4 
ena 250 32 125 75 100 650 400 
200 300 32 125 75 100 700 bai 
250 500 64 125 75 100 750 500 

1000 64 230 120 100 1000 800 
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ethoj § exciter lamps, and this follows for two 
order reasons:— 

iment § (a) The designed efficiency for a given 
“ life is in many cases lower, due to 





the smaller current consumption. 

(bt) The average brightness takes ac- 
count not only of the space be- 
tween adjacent turns of the 
filament helix but also of the 
space between the various seg- 
ments which make up the filament 
grid. 

The average brightness values 
therefore depend not only on the fila- 
ment temperature, but on the ratio of 
the projected area of the incandescent 
tungsten wire and the space which it 
geupies. While in many cases it is 
yseful and desirable to design a lamp 
a this type in such a way that the 
area of the filament grid is a minimum 
for the gr ogeaee wattage to be dissi- 

this is not an invariable rule. 
certain purposes and types of 
optical apparatus there may be a mini- 
mum filament area requirement which 
isnecessary to ensure adequate flash- 
ing of the optical system, or to give the 
ired divergence of a beam of light 
from the apparatus. In all casés, how- 
ever, it is desirable to desi the 

















* individual segments so that the de- 
| pro ired area is occupied by the incan- 
rt. descent filament in as even a manner 
a possible, the object being to reduce 
d. Tes a minimum brightness gradients 
; there § Within the filament area. 
wing (ii) Lamps with Biplane Filament 
r Lamps Arrangement. 
averag § A development of considerable im- 
designs. ce was the introduction of the 
filament arrangement. The 
iven it of this design was to increase 
derably average brightness of the filament 
for the asing the ratio of incandescent 
; it wire to total space occupied. 
Itwas achieved by arranging alternate 
segments of the filament coil in 
—— § ‘Wo planes and staggered relative to 
ais, other ao ane a ne ho when 
— ent is projec e spaces 
te n adjacent coils in the front 
175 are occupie alternate coils 
a m the back plane. (See Figure 6.) 
400 biplane filament therefore 
ais of a given wattage to be dissi- 
500 m approximately half the fila- 
800 Mm area that is generally possible 
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Some 


with monoplane filaments. 
typical brightness values for lamps of 
identical wattage and output are 
given in the table below— 


TABLE V. 

















Average Filament Brightness. 
Stilbs. 
Volts. Watts. Monoplane | Biplane 
Filament. | Filament. 
110 | 500 | 750 | 2000 
220 1000 800 1600 








While the values given in the table 
above are for typical lamp designs 
which illustrate the relative average 
brightness of monoplane and biplane 
lamps of the same output they must 
not be taken as necessarily represent- 
ing the practice of all lampmakers. 

hile this principle finds its most 





Fig. 6. Biplanar filament, |10-volt, 
500-watt. 


effective use in lamps of relatively 
high voltage, for example, lamps de- 
signed for 100-130 or 200-250 volt 
mains, it has also been applied in 
modified form to comparatively low- 
voltage lamps. For example, in cer- 
tain types of low-voltage projectors 
the filament segments are arranged 
in three planes in such a way that 


re 











































when projected the filament segments 
appear to be touching. (See Figure 7.) 

Lamps of the biplane type re- 
quire for .their manufacture and 
assembly a very high degree of 
precision as well as tungsten coils 
of considerable stability. Obvi- 
ously, if the design were such that 











Front view. Side view. 
Fig. 7. 31-volt, 400 watt projector lamp. 


adjacent filament segments came into 
contact the lamp would fail, due to 
arcing and local over-running of the 
filament. 


(C) Lamps Empioyinc DousLe Wounp 
HELICES. 

The principal advantage of the 
double wound~<helix or coiled coil 
filament as used in projector lamps 
lies in the fact that:such a filament 
arrangement enables the requisite 
amount of tungsten wire to be con- 
tained in a smaller space than is con- 
veniently possible with a single wound 
helix. The fact also that the coiled coil 
filament of certain types of low-volt- 
age projector lamps has an approxi- 
mately spherical form leads to the 
more efficient use of optical systems 
employing deep parabolic mirrors. 
These desirable results can moreover 
be achieved with the minimum of 
supports and the maximum simplicity 
of construction. It is of interest to 
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study a little more closely the effeg 
of the coiled coil filament structure oy 
temperature and brightness gradients 


‘In a large single helix of even pith 


the adjacent turns of the filament lie 
parallel to one another through aj 
parts of a complete convolution: su¢h 
temperature gradients as exist there 
fore are due largely to the cooli 
effects of the electrodes and supports 
The inside of each turn is brighte 
than the outside, but this is due ty 
internal reflections. When, however, 
such a single coil filament is wound on 
a secondary mandrel to produce the 
coiled coil formation, the parallelism 
of adjacent turns of the primary coil 
is immediately disturbed. (See Keun 
8.) It will be seen from this 
that at the points of contact of the 
primary turns with the secondary 
mandrel the convolutions of the pr 
mary coil are nearer together than the 
original pitch distance, while 
the outside of the secondary coil the 
distance between adjacent turns is 
greater than the primary a This 
point is significant not only from the 
geometrical aspect, which necessitates 
a coil design such that the distance 
between the nearest point of adjacent 
turns is adequate to ee the pos- 
sibility of turns touching, but because 
when the lamp is in operation the 
closest parts of the filament turns will 
tend to operate at a higher tempers 
ture and therefore higher brightness 
than those parts of the filament coil 
which have a greater spacing between 
them. (See Figure 9.) 


(i) Low Voltage Coiled Coil Projector 
Lamps. 


Taking account of the above com 
siderations it is still found possible 
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Fig. 8. Primary ceil. helene and alter 


bending into coiled coil formation. 
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to design the coiled coil filament in 
guch a way that the projected image 
of the filament is virtually filled with 
the primary coil, as shown ‘in the en- 
jarged photograph Figure 10, which 
shows the filament arrangement and 
dectrodes of a 24volt 1,000-watt 
lamp. In voltages up to 24 or at higher 
yoltages in certain special cases the 
msupported coiled coil filament may 































































































djacent Fig. 9. End view of coiled coil filament 
he pos in operation, showing end cooling effects 
yecaLise and effect of internal reflections. 





ns Wi LET 
“eS 1 


} 






















































































| afte 
Bos. 





Fig. 10. 24-volt, 1000-watt coiled coil 


projector lamp. 
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be used for projector type lamps from 
about 24 watts up to 2,500 watts, and 
it is probable that this range could 
be extended if the need arose. A 
common feature of the whole range 
of such lamps is that in general the 
ratio of the filament breadth to the 
the filament length does not vary by 
more than 50 per cent. in either direc- 
tion. Data for a_ series of typical 
lamps is given in Table VI. 

Due to the concentrated filament 
of these low-voltage lamps and the 
fact that for many purposes it is de- 
sirable to operate them close to con- 
densing lenses or mirrors, they are 
generally designed to be mounted in 
relatively narrow tubular bulbs. In 
some cases the filament may even be 
offset from the axis of the bulb in 
order to increase the angle of em- 
brace of an associated optical system. 
When: lamps of this type are in opera- 
tion the convection currents set up in 
the gaseous atmosphere within the 
bulb take the form of a narrow cen- 
tral stream which carries upwards 
tungsten continuously evaporated 
from the filament. It will have been 
appreciated from an earlier section 
that gradual evaporation of tungsten 
occurs during the life of the lamp: 
it is therefore normal for bulb black- 
ening to occur. In a well-designed 
projector lamp account is taken of 
this fact and the design is such that 
the blackening causes the minimum 
obscuration of the bulb surface over 
the solid angle subtended by the opti- 
cal system employed therewith. 
Various devices have been used to 
minimise the effect of this evapora- 
tion, which by darkening the bulb in 
the neighbourhood of the filament 
impairs the efficiency of the lamp. 
The use of a narrow tubular bulb is 





TABLE VI. 
Low Vo.trace CormEep Com PROJECTOR 
LAMPs. 
Average 
Dia- |Overall| .j~> | Life | Filament 
Volts.| Watts. | meter | Length} > § | Hours.|Brightn’ss 
.)}(mm.) | 48 Stilbs. 








150 1250 
12 250 | 38 | 150 | 55 | 100] 1450 
12 600 | 64 | 230 | 84 | 100 | 2300 
24 150°} 38 | 150} 55} 100} 1000 
24 250 | 38 | 150 | 55 | 100} 1150 
24 | 400 | 64 | 230 | 84/ 100} 1550 
24 600 | 64 | 230 | 84 100} 1650 
24 | 1000 | 64 | 230 | 84 | 100 | 1850 






































perhaps the most important, as its 
effect is to cause condensation of the 
tungsten in the form of a black or 
dark brown deposit in the upper re- 
gions of the bulb. It has been found 
that any object which causes a change 
in direction of the convection 
stream will receive a deposit of tung- 
sten. A useful development whic 
prevents much of the tungsten from 
reaching the bulb at all is the inclu- 
sion of a thin disc of nickel at such 
a distance above the filament as per- 
mits it to operate at a red heat. Such 
a disc will collect during the life of 
the lamp a substantial proportion of 
the evaporated tungsten. t is a de- 
vice of particular value where the 
highest possible candle-power main- 
tenance is necessary. An interestin 
application of the collector shiel 
principle was its application to the 
so-called horizon lamp shown in 
Figure 1. In this case a grid of nickel 
gauze is mounted above the line of 
the filament to intercept evaporated 
tungsten. It therefore acts as a filter 
although its action cannot be com- 
pared with that of a physical filter as 
the tungsten is presumably deposited 
from the vapour phase. 


(ii) Higher Voltage Coiled Coil Pro- 
jector Lamps. 


Of equal interest is the type 
of lamp in which the use of a 
coiled coil filament enables a com- 
pact light source to be produced suit- 
able for higher voltages than those 
hitherto described under this section. 
In this case the filament segments, 
which may be -—_ two or three in 
number, are complete in themselves 
and are welded or otherwise attached 
to rigid electrodes which serve as the 
supports as well as the current carry- 
ing leads. Such lamps are, of course, 
developments from the coiled coil 
general lighting service lamps in that 
the stability of the filament on which 
the success of the lamp depends has 
been made of such an order as to 
allow of self-supporting sections up 
to 50 to 60 volts to be used. In one 
design, in order to prevent the inter- 
ference of objectional gas currents 
the electrode connections to the fila- 
ments are so arranged that the mini- 
mum potential difference. occurs be- 
tween adjacent ends. It will be ap- 
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preciated that if two parallel coils ay 
seriesed from the same end the potep. 
tial drop of each filament 
singly will be doubled over the gy 
space of perhaps only one or typ 
millimetres at the opposite ends of the 
filament where they are connectaj 
to the electrodes. y seriesing tw 
such filaments by a conducting mem. 
ber connected to alternate ends the 
potential gradient across thé ele 
trode gap is limited to that across om 
filament segment. 

In the case of very high powe 
lamps where the optical requin 
ments would appear to be best satis 
fied by a coiled coil filament cop. 
struction, ithas been found convenient 
to build up the filament from , 
number of self-supporting sections 
For example, a 100-volt 5 kw. 
has been constructed by seriesing five 
20-volt 1 kw. coiled coil filaments, and 
the arrangement can be made such 





that no further supporting means ar 
necessary. Such a design lends itself 
to the highest possible utilisation by 
reducing to a minimum the obscure 
tion due to the supports. 


(D) MuttiI-FILAMENT Lamps, 


In all the types of tungsten file 
ment projector lamps so far described 
the current is carried by a singk 
conductor coiled and arranged ina 
variety of ways according to the r 
quirements of the particular design 
It thus follows that for a given 
age a lamp of higher wattage wil 
~~ on™ a heavier tungsten wire tha 
a lamp of lower wattage. Certain 
advantages accrue from this fact 
Notably, that the increased wire dit 
meter leads to improved mechanical 
stability and to an increase in th 
life of the filament designed fora 
given efficiency. In general, th 
latter advantage is given to the use 
in the form of an increased efficiency 
for a given life. There is, however,@ 
corresponding disadvantage in that 
the employment of a single conductor 
to form the filament of a pro 
lamp offers some degree of restfit 
tion on the shape, size, and formd 
the filament unit which can 
achieved, having in mind the 
siderations outlined in precediaaia 
tions. With the biplane 
described in B (iii) above this d 
advantage is reduced by arrangilg 
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alternate filament sections in parallel 

es in such a way that when the 
complete unit is viewed from a direc- 
tion at right angles to the planes of 
the filament grid the spaces between 
adjacent coils in the front plane are 

ely filled by alternate coils in the 
ae plane. The various coil seg- 
ments are part of a continuous helix 
and therefore operate in series with 
each other. It is an essential feature 
of all lamps of this type that sufficient 
dearance is allowed between the 
yarious coils to prevent the possibility 
of a short circuit occurring, either 
initially or under the specified condi- 
tions of use. If short circuiting does 
occur an arc will probably be formed, 
and in any case the lamp will fail 
prematurely. 

Another consideration which affects 
the design of all gas-filled tungsten 
flament lamps is the _ clearance 
necessary between high potential 
points of the filament which are re- 
quired to operate in close proximity 
toeach other. The actual clearances 
which are used are a function of the 
filament temperature, the nature and 
pressure of the gas-filling, and the 

tential difference which will exist 
Tien adjacent points of the fila- 
ment structure when the lamp is in 
operation. The presence of minute 
surface impurities on the filament 
may also increase its emission locally 

contribute to flash over unless 
suitable precautions are taken both 
in the design and manufacture of all 
types of gasfilled lamps. . 

With these considerations in mind, 
about a year ago the author evolved 
anew design of filament structure 
for low-voltage projector lamps 
Which has certain advantages over 
the types hitherto described. 

In the new lamp two or more fila- 
ment segments are mounted electric- 
y and mechanically in parallel. 

jacent segments are placed in 
physical contact with each other so 

wing of a grid formation of maxi- 
mum compactness, and to this 
atrangement the description “solid 
source” has been applied. See Figure 

ll, which is a photograph of a 
typical lamp. 

In the development of this lamp it 
Was shown that the restriction against 

Owing individual filament units to 

in contact with each other need 
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Fig. 11. 12-volt, 300-watt ‘‘ solid source” 


projector lamp. 


not apply, providing that contact was 
established at equi-potential points. 
The principle was first investigated 
during the -development of a multi- 
filament lamp in which 20 filaments 
were supported by a single conduct- 
ing member arranged to intercept 
each filament at the mid-potential 
point. It was later shown that no 
support was necessary if the filaments 
were suitably designed and were 
pieces in contact along their entire 
ength. (See Figure 12.) This dis- 
covery led to the quantitative investi- 
gation of the effect of such an 





Fig. 12. 


_. Filament of 12-volt, 300-watt 
‘solid source’ lamp in operation. 






















arrangement of parallel filaments on 
life, efficiency, candle power distribu- 
tion, and maintenance. While in 
practice it is considered impossible to 
prevent the occurrence of some cir- 
culating current it has been estab- 
lished that with accurately made fila- 
ments the effect of this is negligible. 
It has been established that for many 
purposes the solid source lamp offers 
marked advantages over other types 
of projector lamp, particularly jn the 
improved ratio of the horizontal 
candle power to the total luminous 
output and the increased average 
brightness of the filament unit and 
the increased brightness uniformity 
which can be attained thereby. Some 














Fig. 13. Candlepower distribution for 12-volt, 200-watt lamps. A, solid source. 
B, coiled coil. 


ow 12 — 





J. N. ALDINGTON ON 


comparative figures are given jp 
Table VII. 

Polar curves for a typical solid 
source lamp of 12 volts 250 watts 
rating, designed for 100 hours life, ang 
for a 12 volt 250 watt coiled coil pro 
jector lamp of similar designed life, 
are shown in Figure 13 

It will be seen that in the direction 
of use the solid source gives some 
50 per cent. more flux than the lamp 
with coiled coil filament formation as 
a result of the decreased emission of 
light in unwanted directions. There 
is some evidence that the use of 
the closely pre filament units 
in the solid source lamp leads 
to a reduction in the amount of 
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mergy dissipated by convection and 
gnduction in the surrounding gas. 


TABLE VII. 
(oMPARATIVE Data For CorLep Cor Fina- 
yt CONSTRUCTION AND SoLip SOURCE 
CONSTRUCTION. 
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Ratio of H.C.P. to Lumens. 
Volts. Watts. Coiled Coil. | Solid Source. 
12 150 .097 .125 
12 250 .093 .142 
24 250 .088 .128 
24 300 -- .133 
24 350 .088 a 




















This is a not unexpected result, and 
it to some extent offsets any reduc- 
tion in efficiency, due to the reduced 
wire diameter required for the in- 
dividual filaments of the group as 
compared with that required for a 
single filament designed for the same 
wattage dissipation. 

These effects are __ illustrated 
gaphically in Figure 14, in which the 
aerage brightness and the luminous 
diiciency are compared for a series of 
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Fig 14. Variation of average filament 
ightness with number of filament coils 
arranged in solid source formation. 


lamps in which one, two, three fila- 
ments, etc., are mounted in solid 
wurce formation, all the lamps being 
measured at the same voltage. It will 
te seen that with increase in the 
lumber of coils forming the filament 
efficiency increases, together with 
amore than ty edreiegged increase in 
ie average brightness. 
the solid source arrangement lends 
to close control of filament 
, Which for a given output may 
gular or square, and within 
may be designed for different 
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areas without sacrificing the essential 
feature of a high degree of uniformity 
of brightness over the whole area. 
e optimum size of filament for a 
iven wattage and efficiency is a 
unction of the relationship between 
the horizontal candle power and the 
brightness. As the total filament 
area is reduced the brightness will in- 
crease up to a maximum and then 
begin to decrease. This apparent 
anomaly is due to the particular way 
in which the projected area of a solid 
source filament group can be modi- 
fied. For a given single coil filament 
the pitch of the helix can be altered 
between about 115 per cent. and 190 
per cent. of the wire diameter with- 
out introducing difficulties. If there- 
fore filaments are produced on a con- 
stant mandrel diameter a change in 
pitch will produce an approximately 
proportionate change in average fila- 
ment brightness. Beyond a certain 
point, given above as a pitch ratio of 
5 arenes 115 per cent., further 
reductions in the projected area of the 
filament in the direction of use can 
only be made by an increase in the 
diameter of the mandrel on which the 
filament is wound. The effect of this 
is to increase the emission of light 
in non-effective directions and there- 
fore to produce a net decrease in the 
brightness for a_ given 
wattage and efficiency. This interest- 
ing effect is illustrated in Figure 15. 
Apart from these general consider- 
ations of lamp design which resulted 
in the evolution of the solid source 
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AVERAGE BRIGHTNESS STIL&S 

Fig. 15. Variation of brightness with area, 

for 12-volt, 72-watt filaments operating 

at 21 Li/w.; consisting of two 12-volt, 
36-watt coils in parallel. 





there are certain additional features 
which, while generally applicable, are 
particularly useful in connection with 
these new lamps. 


The Use of Internal Mirrors. 

In considering the inter-relation of 

projector lamp ——— with that of the 
design of the optical system to be used 
therewith, it is in general axiomatic 
that the utilisation of the light must 
be a maximum. This desirable result 
may be achieved in two ways:— 
(a) By designing the bright light 
source to give the maximum light 
flux within the effective solid 
angle of collection of the optical 
system. 

y re-directing the flux issuing 
from the source in a direction 
away from the optical system so 
that it is ultimately collected 
thereby. 

The principles underlying the first 
of these requirements have been dis- 
cussed above. The second form the 
subject of the present section. It has 
long been the practice in slide pro- 
jectors and similar instruments to fit 
a mirror on the side of the lamp 
remote from the condensing lens, the 
object of which is to re-direct non- 
effective light back in the condenser. 
In the case of an open grid type of 
filament a correctly adjusted mirror 
will produce an image of the filament 
interlacing the filament itself and in 
the same‘plane. This principle finds 
its most effective use when the mirror 
is made integral with the lamp bulb. 
The mirror may be formed on the 
outer surface of the lamp bulb by any 
of the well-known silvering processes. 
In the opinion of the author it is, 
however, preferable to develop the 
mirror on the inside surface of the 
bulb, which in general should there- 
fore have a spherical form. The 
reason for this preference will be 
understood by reference to Figure 16. 

It will be seen that by accurate 
location of the filament unit relative 
to the optical centre of the mirror 
a filament image can be formed 
in any desired position. For ex- 
ample, if the filament unit itself is 
in the form of a rectangle the major 
side of which has twice the length of 
the minor side, by arranging that this 
rectangle lies to one side of and 
touching the mirror axis the filament 


(b) 
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image and the filament itself wij 
merge together to form a square of 
light which can be most efficiently 
utilised by the optical system proper, 
Careful design of this type will enable 
an increase in beam flux to be 
obtained of the order of 175 per cent 
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Fig. 16. 


of that produced with a similar fih 
ment operating at the centre ofa 
clear bulb without a mirror. Th 
spherical mirror on the bulb surface 
may approach, but should not exceed, 
a hemisphere. It may be formed ly 
the evaporation of aluminium i 
vacuo, and mirrors of this type havea 
very high reflectivity and stability. 
A lamp embodying these principles’ 
shown in Figure 17. 

It will be seen that a group of file 
ments in solid source formation 
arranged normal to the mirror ax 
and offset from it in such a way thit 
an image of the filament group occus 
adjacent to the filaments themselya 
The complete unit formed by the fik 
ments and their mirror images at 
bisected by a line through the axisd 
the mirror. When used in conjumt 
tion with a deep parabolic reflect 
the arrangement gives a very! 
utilisation of the total light emitted 
by the lamp. 

A development of a somewhat dé 
ferent nature was finalised in 
U.S.A. about 1938. It consisted of 
lamp in which the bulb was it 
the form of a parabolic mirror, 
front glass of which consisted 
refractor unit. It was original) 
developed as a complete headlamp 
the motor industry with the object 
ht a standardised type 

am to conform to certain agree 
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Fig. 17. 12-volt, 250-watt solid source 
lamp, showing reflected image of filament 
group. 


reached in that country. It is outside 

the scope of the present paper to dis- 

wuss this sealed beam headlamp in 

ay detail. It is, however, a very 

interesting example of lamp-making 
que. 
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> te (E) Symmetrical Sources 
rror axis All the types of high-brightness 
way that n filament lamps so _ far 





described are designed to be used 
with substantially unidirectional 
ical systems. In such systems, 
le the lamp and associated optical 
fear are designed to give the maxi- 
fium possible utilisation of the flux, 
flux is ultimately emitted in a 
desired direction, as, for ex- 
ample, in the form of a searchlight 
or in the form of a beam from 
@projector lamp. According to the 
mature of the optical system employed 
iid the size of the source, as well as 
the use or otherwise of dispersing 
a in the light beam itself the 
angle over which the flux is 
may be varied very consider- 
tily. There is, however, in general, 
a ite directional characteristic 
Which may be described as the optical 
tis of the complete arrangement. 
important group of bright light 
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sources, however, belong to a class 
designed to emit their flux as uni- 
formly as possible through 360 deg. 
around the axis of the lamp. Such 
sources find extensive use in light- 
houses, airway beacons, and for the 
production of general floodlighting 
effects. They have been the subject 
of a considerable amount of develop- 
ment work, not only in regard to the 
lamps themselves, but also in regard 
to the optical systems associated 
therewith. The simplest example of 
a lamp of this type is what is known 
as a bunch filament or class “B” pro- 
jector lamp. It consists of a grid fila- 
ment not dissimilar to that employed 
for the flat grid Al projector, except 
that the filament is mounted in such 
a way as to lie on the surface of a 
cylinder. A typical lamp is shown in 
Figure 18, and some data for a range 
of these low power floodlights is 
given in Table VIII. 

The design of lamp shown in Figure 
18 allows of a relatively uniform 























TABLE VIII. 
Bl Frioopiicut Proyectror Lamps. 
Dia- Overall . 
L.0.L. Lif 
Volts. | Watts. —_ —_— Guan.) Hours. 
110- 100 80 115 75 800 
210 250 95 125 75 800 
230- 500) 130 180 115 800 
250 1000} 130 180 115 800 








light distribution over at least 180 
deg. of arc, and in some cases up to 
270 deg. Over the remaining angle 
the light flux is largely supplied by 
segments of the filament unit on the 
remote side of the lamp axis. There 
is, therefore, some falling off in 
candle power in this direction. This 
is inevitable, as it is essential for the 
electrodes to have a certain minimum 
spacing to prevent the possibility of 
flash-over occurring. While for many 
purposes the flux distribution of this 
simple form of all-round source is 
entirely satisfactory, there are cases 
in which a modified distribution of 
light is desirable. Various designs 
have been produced, the object of 
which is to give an improved light 
distribution through 360 deg. Of 
these, three types will be described 
by way of example. It must be 
understood, however, that no attempt 
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Fig, 18. 80-volt, 4-kw. bunch filament 


projector lamp. 


is being made to catalogue all the 

types of tungsten filament projector 

lamps which, while not without 

intrinsic merit, generally represent 

modifications of the basic types which 

are described. 

(i) Parallel Filament Arrange- 

ment. 

(ii) Cruciform Filament. 

(iii) Diffusing Medium: 

The improved filament arrange- 
ments which are to be described are 
on eed employed in lamps of 

igher wattage than the range of Bl 
floodlighting lamps mentioned above, 
and this results from two principle 
considerations. The first is that the 
optical systems with which these 
lamps are employed are generally of 
much greater accuracy than the more 
simple units used with the smaller 
lamps, and can therefore utilise 
lamps of improved light distribution. 
Secondly, the larger the lamp the 
more generally feasible is it to intro- 
duce constructional methods, which 
in low-power lamps would be 
extremely complicated, and in some 
cases cumbersome. The various 
methods will therefore be described 
in terms of lamps of 3 to 5 kw. rating, 


although this by no means represents 
the range over which the principles 
employed are normally applied. 


(i) PARALLEL FILAMENT ARRANGE 
MENT. In this construction the require. 
ment of a symmetrical filament 
covering the surface of a cylinder and 
the requirement of giving the maxi- 
mum possible inter-electrode spaci 
are brought together by the use 
two filaments each dissipating half the 
total wattage and each covering 19) 
deg. of the surface of a cylinder, In 
very high power lamps this device 
has been extended to give a balanced 
loading on three-phase supplies by 
arranging three filament segments 
each occupying 120 deg. of arc, the 
points of union of the three filaments 
being brought out to three terminals 
on the lamp base. Another method of 
achieving the same result is to arrange 
a series of filaments in parallel planes 
around the surface of a cylinder. In 
this case each individual filament ma 
be designed to dissipate only a 
proportion of the total wattage of the 
lamp. While such an arrangement has 
valuable properties for special pur- 
poses it is necessarily of greater com- 
plexity and therefore of less mechani- 
cal rigidity than arrangements in 
which the number of individual fila- 
ment units is kept to the absolute 
minimum. 

(ii) CRUCIFORM FILAMENT. Among the 
most elegant methods for producing a 
substantially symmetrical light source 
the cruciform filament holds a high 
place. It consists of two monoplanar 
grid filaments arranged to bisect one 
another at right angles. This construc 
tion lends itself to a “ee supporting 
arrangement for each of the intersect- 
ing grids and allows of considerable 
latitude in the height/width ratio of 
each grid as the electrodes are at the 
maximum distance apart. A photo 
graph of a a 80 volt 3 kw. lamp 
is shown in Figure 19. It will bk 
noticed from this illustration, whichis 
of a lamp designed for cap down bum 
ing, that the filament unit is post 
tioned below the centre of the 
spherical portion of the bulb. Such aa 
arrangement gives an_ increased 
candle-power maintenance over the 
solid angle of collection of the ass 
ciated lens or mirror system 
which the lamp is designed to operate, 
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as the tungsten carried upwards in 
the convection stream during the life 
of the lamp is deposited on the upper 
regions of the bulb which lie outside 
the effective angle of collection of the 
optical system, While the cruciform 
arrangement is advantageous from the 
point of view of lamp design it still 
leaves something to be desired from 
the point of view of symmetry of light 
distribution through 360 deg. in a 
plane at right angles to the lamp axis. 





Fig. 19. 80-volt, 3-kw. cruciform filament 


lamp. 


It is obvious from a consideration of 
the arrangement that the polar curve 
of light ‘distribution in the plane of 
use will rise to a maximum in the 
four positions at which each filament 
4s normal to the angle of test. For 
Many purposes, however, the disad- 
Vantage of such variations in light flux 
ate offset by the general attractive- 
Ress of the design. In some cases, 

ever, a greater measure of bright- 
ness uniformity is desirable combined 
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with a larger light source than can be 
achieved with any degree of unifor- 
mity. with a tungsten grid filament 
formation. For such purposes an ex- 
perimental arrangement has been 
produced which is described below 
under the heading Diffusing Medium. 


(iii) Dirrusinc Meprum. In this 
arrangement any suitable filament 
formation is arranged within a diffus- 
ing refractory cylinder of high trans- 
mission. By this means the surface 
of the cylinder may become the 
virtual source providing that the de- 
gree of diffusion is sufficiently high. 
With increased diffusivity the ap- 
parent size of the source is materially 
increased and of course its average 
brightness is proportionately reduced. 
With proper design it can be arranged 
that the convection stream from the 
filament carries the evaporated tung- 
sten through the cylinder, causing it 
to deposit on the upper regions of the 
bulb. The effect is therefore to pro- 
vide the equivalent of a light source 
mounted in a diffusing bulb of much 
smaller dimensions than could be ob- 
tained by means other than those 
described. 

The lamp with diffusing cylinder 
has perhaps only a limited field of 
usefulness, as there is necessarily a 
certain loss of efficiency due to ab- 
sorption at the surface of the diffusing 
medium. It is, however, an interesting 
development, as the brightness unifor- 
mity can be made higher than that 
= pert with the unscreened tungsten 

lament, or higher than can be pro- 
duced with a discharge lamp source 
of comparable size. 


Conclusion 


It is to be hoped that in this genéral 
survey of tungsten filament projector 
lamps enough detail has been given to 
enable the trend of recent develop- 
ments to be appreciated. Some of 
these developments have occurred 
concurrently with advances in bright 
light sources of the discharge type 
and it is hoped to present a further 








J. N. ALDINGTON ON 
paper on this subject in the not too 
distant future. 


APPENDIX 


I am indebted to the Director of 
Scientific Research, Admiralty, for per- 
mission to include some comparative 
performance data on high-brightness 
tungsten filament lamps operating in 
precision signalling lanterns. It must 
be understood that this data shows the 
results of the effective combination of 
lamps and optical projection systems. 

The lamps used for these tests were 
developed in collaboration with the 
Admiralty, and embody some of the 
principles discussed in the preceding 
sections. 

In the case of the solid source lamps 
it is of interest to note that this develop- 
ment emerged from considerations of a 
somewhat cognate problem put up by the 
Admiralty. Once the underlying prin- 
ciple of the solid source lamp had been 
established the further development 
work was greatly facilitated by the keen 
interest paid by the Admiralty to its 
application to a variety of lamp types 
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which were of importance in their ow, 
development work. 

Only comparative results are gj 
and they indicate the magnitude of the 
gain which results from functional lamp 
design in relation to the optical system, 

‘A’ refers to a lamp with an inte. 
nal aluminised mirror. Corresponding 
beam curves are shown in Figs. Al, A? 
and A3 respectively. 
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RELATIVE PERFORMANCE oF HicH PRECISION SIGNALLING LANTERNS WITH ExistTine La 
AND WITH CERTAIN OF THE Lamps DESCRIBED IN THIS PAPER. 
































Lantern. Lamp. % Watts. % Life. % P.C.P. Dom 
4} in Existing 100 100 100 100 
Solid Source ‘A’ 100 100 200 150 
6 in Existing 100 100 100 100 
Twin Pillar ‘A’ 100 100 175 100 
10 in. Existing 100 100 100 100 
Twin Pillar ‘A’ 40 100 100 150 
Solid Source 133 100 200 100 
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DISCUSSION 


Mr. D. McGILL said that the Admiralty 
Establishment had, as stated by 
Mr. Aldington in the most able and in- 
jeresting paper just presented, been 
dosely associated with the development 
g@fcertain of the lamps on which beam 
were given and in their applica- 

tion to signalling lanterns. 

For efficient use in this way, an 

imum combination of lamp and reflec- 
tor must be secured, and a few observa- 
tions on the determining conditions in- 
yolved might be of interest. 

The method adopted at A.S.E. is a re- 
yersal of the classical approach to the 

em in which an attempt was made 
tocompletely flash the lantern aperture 
with images of the filament. Ideally this 
involved the use of compaot filaments 
approximating in use to incandescent 
spheres, combined with reflectors of very 
high optical quality, whose equivalent 
pending surface was spherical with the 
fous as centre. These conditions can- 
not be fulfilled in practice and incom- 
plete flashing results. The attempt to 
tealise these conditions, however, has 
sulted in the persistent use of shallow 
optical reflectors and approximately 
gherical sources. Such a combination 
rpresents an inefficient utilisation of 
the light emitted by the source. 

If the attempt to secure a complete 
fash is abandoned, and an effort made 
toconcentrate all the light emitted upon 
these outer zones of a deep parabolic 
mirror which make the most effective 
contribution to the beam, a far higher 
utilisation of emitted light results. More- 
over, most satisfactory results are ob- 
tained by the use of commercial spun or 
pressed light metal reflectors. 

For this purpose the solid source type 
oflamp is particularly suitable since the 
es Ux is concentrated and can be 

against the most effective mirror 

wnes. The compact nature of the 

source and the influence of inter-coil 

telection leads to a remarkably high and 

wiform filament brightness with corre- 

sponding advantage to the resulting 

beam. The uniformity of the latter is 

by the concentration of the 

from the lamp on to the outer 
zones. 

(A slide was then shown illustrating 

flux utilisation characteristic of 

a source lamp internally mirrored 
md a deep parabolic reflector.) 

Continuing, Mr. McGill said that in 

the plane of the filament should 

along the mirror axis; when deep 

are used this leads to an opti- 

mum combination of beam spread and 

ind intensity. With shallower mirrors 

Plane of the filament should be 











across the mirror axis; this leads to a 
narrower but more intense beam. The 
total light output is much greater with 
the deep mirror arrangement. 

The multi-parallel formation enables 
these lamps to be signalled on the fila- 
ment at higher total currents than 
hitherto possible. 

Much the same optical considerations 
apply to the use of twin pillar-lamps 
with internally aluminised mirrors. In 
certain cases also internal mirrors can 
be used with solid source lamps with 
advantage. 

The use of solid source and twin pillar 
lamps as described in the paper just 
read, in combination with the optimum 
reflectors had resulted in marked im- 
provements in signalling lantern perform- 
ance and would increase the standard of 
performance in many related optical 
problems. 

(In reply to the point subsequently 
raised by Mr. Waldrum, the conditions 
specified above for complete flashing of 
the aperture apply only when the beam 
projected is required to be uniform in 
intensity and of appreciable angular 
spread. Since this is almost always the 
ideal signalling beam other cases for 
which other conditions hold were not dis- 
cussed in the interests of brevity.) 


Mr. J. G. HoLMEs said that although 
the author had given information about 
lamps which existed and had worked, 
could he look slightly into the future 
and say anything about. different 
methods of gas filling. He believed that 
if an inert gas of higher atomic weight 
were used, the loss of energy would be 
less because the thermal conductivity 
was less. Would xenon or krypton or 
the very expensive gas, radon, be justi- 
fied economically in terms of life or 
light output? He also believed that a 
low voltage lamp could be brought up 
to a higher efficiency for a given life 
largely because of the greater filament 
diameter. At what point was _ it 
economical to instal a transformer with 
stronger leads and a larger lamp cap in 
order to operate the filament at a lower 
voltage and so get more lumens? 


Dr. S. ENGLISH said there were two 
points concerning bright light sources 
he would like to mention, although they 
did not relate to the projector type of 
lamp the author had dealt with in such 
a delightful manner. He was thinking 
of the post-war filament lamp for 
ordinary use and was’ wondering 
whether with all the ingenuity that had 
been put into the projector lamps de- 
scribed something might be done to get 
the filament gap of a general service 





lamp in a definite location relative to 
the lamp cap. The present arrange- 
ment made it difficult for those who had 
to deal with specular reflectors and 
refractors for street lighting purposes. 
One might have a refractor designed to 
give a predetermined degree of asym- 
metry to the beam, but the result all 
depended on the position of the gap in 
the filament. If the gap could be 
placed in a definite position it would 
help in the connection he had men- 
tioned. In the case of the coiled coil 
lamp, was there any chance of getting 
the filament somewhere near the 
centre of the bulb? The 100 watt pre- 
war coiled coil lamp had a relatively 
short filament which. was some way 
from the axis of the lamp and very 
much on one side. If something could 
be done to get a symmetrically 
mounted filament it would be a great 
advantage. 


Mr. Ceci HUGHEs, 
he was more interested in the com- 
mercial utilisation aspect than the 
laboratory aspect of the developments 
which the author had referred to, and 
asking as to the voltage of the lamps in 
question, said the production of a 
“solid source ” with a tungsten filament 
was a great achievement. It was 
something which the optical people had 
wanted for a long time. The problem 
would undoubtedly be to achieve an 
easy method of providing the lower 
voltage necessary, but he imagined that 
with the greater use of a.c. and the 
production of small transformers, that 
should not present a great deal of 
difficulty. 

He gathered that this was the first 
part of the paper, and perhaps in a con- 
tinuation of it something might be said 
about developments in discharge lamps 
of which already some information was 
available. 


Mr. J. M. WaA.LpRAM said that -listen- 
ing to the author had reminded him of 
an old lamp which was found in a cup- 
board at the G.E.C. laboratories. He 
did not know who made it, but appar- 
ently something on similar lines was 
made during the last war: the author 
might be interested in it.* He be- 
lieved that the intention of the lamp 
was to obtain a short incandescence 
and nigrescence time for keyed sig- 
nalling. It would be interesting to have 
from the author some comments upon 

* The speaker has .since ascertained that 
these lamps, which were very successful, 
were made by Messrs. Siemens during the 

t war for use in Aldis denon, lamps. 
They had a number of unspiralled filaments 
arranged in a bow form, and were rated at 
about 250 watts. 


remarking that 
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DISCUSSION 


the speed of incandescent and nj 
sence of solid source lamps, and to knoy 
whether filament current, as di 
from lamp current, could be reducaj 
sufficiently to make possible a k 
signalling lamp taking a much 
current than was normally possible. 

The author might be interested jp 
another lamp of German origin whi 
was in the G.E.C. laboratories. This hag 
a built-in mirror within the bulb, mage 
of molybdenum. It had a radius ¢ 
about 2 cm. and was arranged to mesh 
the image of the filament with the filp 
ment itself. The author had referpa 
to a gain of 175 per cent. from the up 
of a backing mirror. His experienc 
had been that with the best mirror anj 
most careful adjustment he had my 
been able to obtain quite such a high 
gain. Perhaps the lower figure in hj 
own case was due to the fact that he 
had not such a good lamp as th 
author's. 

Mr. McGill had stated that the rm 
quirement for complete flashing was that 
the sources must be compact and spher- 
cal in shape and uniform in brightnes 
and that the reflector must be of such 
a shape that the equivalent bending 
surface was a sphere about the filament 
He wondered whether that was strictly 
correct, as stated. For complete flash, 
the requirement was that rays, trace 
back through the mirror from a distant 
point, should pass through the filament 
from every part of the mirror. 

Mr. McGill. referring to the conditions 
necessary if the flash was to be com 
plete over the whole divergence of the 
beam and then to drop to zero—a & 
quirement which was very desirable for 
signalling lamps? In that case, th 
spherical source and spherical equive 
lent bending surface provided om 
solution; but so far as he rememberé 
the shape of the equivalent bending 
surface varied with the shape of tk 
source, with some very re 
results. 


Mr. G. T. WincH asked for inform: 
tion with regard to the behaviour of tk 
lamps described under vibrational co 
ditions because there were a large nul 
ber of applications of such 
where vibration would be encounter 
Would the results be more serious ¥ 
the solid source lamp than with pre 
having a: more open spacing of the iit 
ment. Again, would the solid sou 
lamp be suitable for mechanised malt 
facture or was it essentially a hate 
made lamp. 


Mr. H. F. STepHEnson, referring & 
the gain of 175 per cent. by the wed 
a mirror, mentioned by the author, aid 
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DISCUSSION 


the statement by Mr. Waldram that he 
pad not been able to obtain such a gain, 
said he had been concerned with work 
mthis, It had been found that starting 
with a good lamp, i.e., a bulb free from 
pubbles, etc., and a straight filament 
together with a very good separate back- 
ing mirror, the gain was about 60 per 
ent, That was the maximum he had 
dbtained. In practice, with production 

the filaments were not very 
uught and there was a fair amount of 
pulb distortion. In these circumstances 
the largest gain had been of the order 
of 40 per cent. when using a mirror. By 
wing a mirror of larger subtense than 
was required for the optical system, it 
had been possible to get gains up to 80 
percent. but he believed that was due 
tothe fact that this caused the filament 
torun at a higher temperature than 
normal and the life was reduced to 
aout 10 hours instead of the usual 100 
hours. He asked Mr. Aldington whether 
lewould expect such a reduction in life 
due to either reflection of heat on to the 
lamp or reflecting the image of the fila- 
ment on to the filament itself. 


Mr. F. C. Smitu, after expressing his 

gppreciation of the paper, asked if he 
wderstood correctly that one of the 
lamps exhibited had an incandescent 
wlinder of refractory material, 


Mr. J. N. ALpINGTON, replying to the 
discussion, said he was not competent to 
comment on Mr. McGill’s very interest- 
ig remarks, but it would have been 
gathered that there had been close col- 
laboration with the Admiralty signalling 
Beanment in the utilisation of some 

the lamps mentioned in the appendix. 

Jn reply to Mr. Holmes on the ques- 
ton of different methods of gas filling, 
tesaid Mr. Holmes had to some extent 
uswered his own question by calling 
illention to the relationship ' between 
teatomic weight and the thermal con- 
tutivity of a gas. An increase in the 
timic weight of the gas filling leads to 
iteduction in the thermal conductivity 

in consequence, a reduction in the 
. Krypton was used as a filling 


i small lamps before the war, 
Many cases it would be economi- 
unsound to use such an expensive 
as krypton even if sufficient gas 
Savailable. Work had been carried out 
Ma number of laboratories, including 


those of his own firm, on the use of high- 


ciated vapour as a filling for 
htness projector lamps, and as 


far as he was aware this would be the 
best of all fillings because of its low 
thermal conductivity. Nevertheless, 
there were considerable difficulties, and 
he did not think it likely that mercury 
vapour fillings would be used commer- 
cially. The difficulties were associated 
with the necessity for rapid attainment 
of the required pressure. Before the 
working presure was attained the fila- 
ment would be subject to a high rate of 
evaporation in vacuo which necessitated 
some additional preventative device. 

The economics of the use of the low- 
voltage lamp, also mentioned by Mr. 
Holmes, was a subject he was not in a 
position to deal with in full because the 
cost and efficiency of the transformer 
was involved. However, he thought he 
was approximately correct in saying 
that a 12-volt 250-watt lamp would 
operate at, perhaps, 25 or 26 lumens per 
watt with a life of 100 hours, whilst the 
high-voltage 250-watt lamp would oper- 
ate at 18 or 19 lumens per watt. Assuming 
there was a transformer in the instal- 
lation that could be presumed to dis- 
sipate 4 of the total energy, there would 
still be a gain for the low-voltage lamp. 
This was assuming transformer energy 
losses of something like 60-watts for 250 
watts output, but it was known that low- 
voltage transformers could be made 
more efficiently than that. Personally, 
however, he always felt that a more 
important consideration was the greater 
robustness of the low-voltage lamp and 
the more concentrated filament, and 
that was the reason why many types of 
small film projectors were fitted with 
transformers and low-voltage lamps. 

It was not for him to say, in reply to 
Dr. English, whether the manufacturers 
would consider it economic to make fila- 
ments in the manner suggested. There 
were some representatives of the manu- 
facturers present who might be able to 
speak on that point. Obviously, it could 
be done, but the added difficulty might 
have to be passed on to the user in one 
of the accustomed ways! He also shared 
with Dr. English a dislike of the 
asymetric arrangement of the coiled coil 
filament in general service lamps. It so 
happened, however, that the need for 
arranging that the filament coil tempera- 
ture should be as uniform as possible 
necessitated that the filament should lie 
in a plane at right angles to the lamp 
axis and its comparative short length 
and the requirement of adequate inter- 
electrode spacing leads to its asymetrical 
location in the bulb. 


Answering Mr. Hughes the author said 


aks. Ss 








the present highest practical voltage for 
the solid source lamp was 40 volts. With 
further work he hoped it might be 
possible to apply the principle to higher 
voltage lamps. 


He had been very interested in the 
old lamp mentioned by Mr. Waldram 
and would like to see it some time and 
ascertain to what extent the same prin- 
ciples as those underlying the solid 
source lamp had been applied. As 
regards the speed of incandescence and 
nigressence, he said a very large num- 
ber of multi-filament lamps with the 
filaments separated from each other 
were in use, but he had been asked not 
to give data regarding the signalling 
speeds which could be obtained, nor 
details of the special design of the lamps 
in question. 


A gain of 175 per cent. due to the 
backing mirror was not unusual in his 
experiments, but there was an important 
point which he had tried to make—and 
this also applied to what Mr. Stevenson 
had said. It was essential, in order to 
achieve the maximum gain, to see that 
no part of the reflected filament image 
coincided with the filament itself. That 
answered the point made by Mr. Steven- 
son with regard to the increased tem- 
perature. 


Replying to Mr. Winch he said there 
had not yet been sufficient experience to 
assess the strength of these lamps under 
conditions of vibration. It was possible 
to carry out laboratory tests under cop- 
trolled conditions, but it was only the 
test of service which demonstrated 
whether a lamp design was suitable 
under the very diverse and complicated 
vibrational conditions which were met 
with in practice. Such data as were 
available, however, showed that the 
solid source lamp was not inferior to the 
multi-filament lamp with the filaments 
separated and that it might, in fact, be 
superior. As regards the manufacture 
of these lamps, he said that the standard 
multi-filament and the low-voltage coil 
lamps were all hand-made jobs and in 
this respect there was no difference be- 
tween the solid source lamp and other 
types. 

Finally, in reply to Mr. Smith, he said 
that the lamp referred to was not fitted 
with a heated refractory for the pro- 
duction of light. The refractory was hot, 
but that was incidental, It was a highly 
refractory. highly’ diffusing silica 
cylinder, and for certain purposes its use 
enabled a larger source to be produced. 





DISCUSSION 


The virtual source was between the fila. 
ment and the cylinder, the apparent pog. 
tion and size depending on the degre 
of diffusion of the medium employed, fy 
conclusion and in reply to a question the 
author stated that he hoped to deal ip 
Part II. of the paper with various ney 
discharge lamp sources of high bright 
ness, and to present the second paper 
before the Society at a later date, 
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SESSIONAL MEETINGS IN LONDON 


1945. 

Feb. 13th. Dr. C.C. Paterson on The Lightiy 
of Buildings (Post War Study No. 12) 
(At the Institution of Mechanical Engineen, 
Storey’s Gate, Westminster, 8.W.1) 
6 p.m. 


Feb. 27th. Dr. J. W. T. Wats on Tw 
Relationship Between Interior Design is 


Buildings and Artificial liuminatio. 
(Joint Meeting with the Royal Institution 
of British Architects in the Lecture Theain 
of the Institution of Mechanical Enginen, 
Gate, S8.W.1) 


Storey’s Westminster, 





The Illuminating Engineering Society is wi, 
as a body, responsible for the opinions expresia 
by individual authors or speakers. 


With a view to avoiding possible confusion wil 

other publications, reference to these Trate 

actions should be inthe form :—* Trans. lim. 
Eng. Soc. (London).” 
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Sessional Meeting 


in London 


A Sessional Meeting took place at 
the E.L.M.A. Lighting Service Bureau 
(2, Savoy Hill, London, W.C.) at 5.30 

.. on December 12, when the 
President (Mr. E. Stroud) took the 
Chair. 

After the Minutes of the last meet- 
ing, which had been circulated, had 
been taken as read, and the Honorary 
Secretary had announced particulars 
of forthcoming meetings, the Presi- 
dent called upon Dr. J. H. Nelson to 
deliver his paper entitled “The 
Automobile Headlamp.” 

The author analysed the require- 
ments from headlamps in various cir- 
cumstances; for example, on the 
open road, in passing other vehicles, 
and when fog seriously reduced visi- 
bility. These circumstances were 





analysed in detail, and the author 
sought to furnish a fundamental solu- 
tion to each, and a tentative specifi- 


cation showing the light output 
required. The ideal distribution for 
an open road driving beam and the 
problem of dazzle were discussed, and 
in conclusion such proposals as the 
use of polarised light or coloured 
light in fog were briefly considered. 


In the ensuing discussion Dr. W. R. 
Styles, Dr. J. W. T. Walsh, Mr. C. 
Twidle, Mr. T. J. Sack, Mr. H. All- 
press, Mr. R. Maxted, and Mr. W. H. 
Lund took part. 


After the author had replied to the 
various questions put, a vote of thanks 
to Dr. Nelson for his interesting 
paper was carried with acclamation. 
The meeting terminated with a fur- 
ther vote of thanks to the E.L.M.A. 
Lighting Service Bureau for their 
hospitality. 
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Ae: Ser 282, Greenhill Road, Allerton, LIVERPOOL 18. 

Be, FE ws. a scsescs 25, Cargate Avenue, Aldershot, Hants. 

Robinson, L. .......... 17, Oak Lane, BRADFORD. 

eormentt, 7.: H,; s....5.:; 9, Dalton Gardens, Davyhulme, MANCHESTER. 

NE Fy Ele sian odvoenes Heriot-Watt College, EpiInBURGH 1. 

Se RE peer eee 28, St. Paul’s Street, LEEpDs. 

ee ee 9, Gardner Avenue, Bootle, LiveRPoo.t 20. 

Stevens, F.G. ......... 6, Parkway, Barnston, Wirral, CHESHIRE. 

Stewart, E.C. ......... 31, Stafford Street, BIRMINGHAM 4. 

Tey, W. Fh... es. 0066s 47, Clarence Street, CHELTENHAM. 

_ A Bh ee 169, Linden Road, GLOUCESTER. 

Weller, F. B. ......... Gas Works, Canal Side, Stroud, GLos. 

Wee, Ai ©. ..2.c0i5 22, Farnol Road, Yardley, BIRMINGHAM 26. 

Whaley, N.S. ......... “ Holmleigh,” Hartington Drive, Carlton, NoTTINGHAM. 

White, F. W.......... 12, Stamburn Avenue, West Derby, LIVERPOOL. 

ONG Ms Mes. nccvucace 10, Joyce Road, Groby Road, LEICESTER. 

a . Se aeee 593, Gloucester Road, Horfield Common, BrisTot 7. 
ASSOCIATE :— 

Greenfield, J.............384, Wellington Hill, Hortield, Bristo. 7. 


STUDENT MEMBER :— 
Dines, R. W. D......... 21, Langthorne Crescent, Grays, ESSEx. 


TRANSFER FROM ASSOCIATE TO CORPORATE MEMBER : — 
Is WF ivesinc pus sondebsureae 12, Greystone Crescent, SHEFFIELD 11. 
ie MR oc 





